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INTRODUCTION, SUMT{ARY AND CONCLUSIONS
Since the in t roduct j -on of  fast  d ig i ta l  computers,
the design of  e lect ron opt ica l  systems is  unth inkable
wi thout  the support  of  the resul ts  of  numer j -ca l
calculat ions.  For  that  reason,  numer ical  invest igat ions
have been made of  the e lect ron opt ica l  propert ies of
several  devices considered in our  laboratory.  The
computational- methods used and the properties of some
of  the devices have been the subject  of  ear l j -er
p u b l i c a t i o n s  [ ] ,  2 , 3 , 4 , 5 ] .  T h e  f i r s t  t h r e e  c h a p t e r s
of  th is  thesis  are repr ints  of  three of  these papers.
À d iscussion of  the methods,  used to compute the
electrostat ic  or  magnet ic  f ie ld in  the var ious e lec-
t ron opt ica l  designs,  being an important  par t  of  the
numer ical  ca lculat ions,  is  g iven in chapter  4.
Chap te r  I ,  l 2 l ,  dea l s  w i t h  t he  i nves t i gaÈ ion  o f  t he
propert ies of  a t r iode e lect ron gun wi th a spher ica l
hai rp in cathode.  The character is t ic  g"un parameters,
such as the penetrat ion factor ,  the equivalent  anode
distance and the emitting part of the cathode, are
expressed in terms of  the "uni t "  potent ia ls  def in ing
the e lect rostat ic  f ie ld,  at  the cathode centre.  The
usual  expression for  the calculat ion of  the emit t ing
area not  being sui table for  numer ical  computat ion,  a
t ransformat ion of  some constants had to be found.
Based on the resul ts  of  the calculat ion of  the gun
parameters in  re lat ion to a range of  geometr ica l
parameters,  iÈ can be concluded that( i )  the equivalent  anode d is tance is  roughly
speaking equal  to  the radius of  the cathode,
( i i )  the penetrat ion factor  is  near ly  independent
of  the var iat ion of  the gr id d is tance wi th respect
to the radius of the cathode and
( i i i )  the emit t ing area of  the cathod,e depends
linearly on the reduced control voltage for small
values of Èhis voltage. An example for an optimum
design of  an e lect ron gun has been put  forward.
A second subjecÈ of  the authorrs calculat ions has
been the invest igat ion of  some electron opt ica l
constants in  e lect ron magnet ic  object ive lenses vr i th
unsa tu ra ted  po le  p ieces ,  [ ] 1 .  I n  t h i s  case ,  t he
requirement that the iron in the lens remains unsatu-
rated,  puts upper l imi ts  to the exci tat ion parameter .
The magnet ic  f ie ld can be determined in a re lat ive ly
simple way from a l inear boundary value problen,
representing the aE[ilmagnetic f ield pioblen. Based













exc i t a t i on  pa rame te rs  f o r  t h i s  t ype  o f  l enses ,  des ign
cons ide ra t i ons  have  been  fo rmu l_a ted  w i th  respec t  t o
the  theo re t i ca l -  r eso lu t i on ,  t he  requ i remen t  o f
adequate i l luminat ion and the j_nf luence of  chromat ic
abe r ra t i - ons .  These  resu l t s  show tha t  t he  des ion
pa rame te rs  as  we l l  as  t he  geomet r i ca l  d imens ións  o f
the magnet ic  lens for  h igher  values of  the h igh
vo l t age ,  can  be  bene f i c i a l l y  i n f l _uenced  by  h ighe r
va lues  o f  t he  exc i t a t i on  pa rame te r .
I n  o rde r  t o  ca l cu la te  t he  magne t i c  f i e l ds  o f  l enses
w i th  such  h igh  va lues  o f  t h i s  pa rame te r ,  t ha t  t he
po le  p ieces  become pa r t l y  sa tu ra ted ,  a  compu te r
p rog ram fo r  so l v i ng  non - l i nea r  magne t i c  p rob lems  has
been  deve loped .
In th is  computer  program, the magnet ic  f ie ld of  an
actual -  magnet ic  design is  numer ical ly  so lved by means
of  a f in iLe e lement  method,  der ived f rom the
var iat ional  approach of  a representat ive boundary
va l -ue  p rob lem.  A  l a rge  pa r t  o f  t he  con ten ts  o f
chap te r  2 ,  l 4 l ,  cons i s t s  o f  t he  desc r i p t j - on  o f  t h i s
me thod .  T l vo  examp les ,  each  show ing  the  success fu l
compu ta t i on  o f  t he  magne t i c  f i e l d  i n  a  comp l l ca ted
magne t j - c  c i r cu i t  w i t h  pe rmanen t  magne ts ,  i l l us t ra te
the  app l i cab i l i t y  o f  t he  compu te r  p rog ram to  t h i s
k ind  o f  p rob lems .
C l rap te r  3 ,  [ 5 ] ,  dea l s  w i t h  t he  app l i caL ion  o f  t he
computer  program to magnet ic  object j_ve lenses wi th
sa tu ra ted  po le  p ieces .  Graphs  o f  t he  ax ia l  f i e l d
d i s t r i bu t i ons  and  o f  some  i n te res t i ng  e lec t ron
op t i ca l  cons tan ts  a re  g i ven  fo r  a  w ide  range  o f  t he
exci tat ion parameter  and of  the geometr ica l  parameter ,
respec t j - ve l y ,  a t  a  f i xed  va lue  o f  t he  h igh  vo t tage .
Wi th  t he  a id  o f  a  sca l i ng  p rocedu re  the  resu l t s  can
be  t ransposed  to  d i f f e ren t  va lues  o f  t he  h igh  vo l t age .
For  two operat ing modes,  both corresponding wi th
favou rab le  modes  o f  i l l um ina t i - on ,  t he  t heo re t i ca l
reso lu t i on  and  a  cond i t i on  f o r  t he  h igh  vo l t age
s tab i l i t y ,  a re  p resen ted .  I t  can  be  es tab l i shed  tha t
in  a wel l  designed magnet i -c  lens the ampere turn
exc i t a t i on  i s  rough l y  speak ing  i ndependen t  o f  e i t he r
the geometr ica l  or  the exci tat ion parameter  in  each
o f  t he  ope ra t i ng  modes .  A t  h ighe r  va lues  o f  t he  h igh
vo l t age ,  a  be t te r  va lue  o f  t he  reso lu t i on  can  be
ob ta lned  us ing  l enses  w j - t h  sa tu ra ted  po le  p ieces .
The  e lec t ros ta t i c  o r  magne t i c  f i e l ds  be ing  bas i c
fo r  t he  i nves t i ga t i ons  o f  chap te rs  1 -3 ,  some  me thods
o f  ca l cu la t i on ,  pa r t i cu la r l y  f o r  r o ta t i ona l l y
symmet r i c  p rob lems ,  a re  d i scussed  i n  more  de ta i l  i n
chap te r  4 .  Gene ra l l y ,  t he  sca la r  o r  vec to r  po ten t i a l ,
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can  be  a  so lu t i on  o f  e i t he r  a  p rob lem de f i ned  by  a
pa r t i a l  d i f f e ren t i a l  equa t i on  o r  o f  a  va r i a t i ona l
p rob lem.  A  d i - sc re t i za t i on  o f  t he  p rob lem in  t he  f i r s t
f o rmu la t i on  by  means  o f  a  Tay lo r r s  se r i es  expans ion
method and an integra l  method and a d iscret izat ion of
the problem in the second formul-at ion by means of  a
var iat ional  method,  are considered as methods for
der Ív ing equat ions between the potent ia ls  in  the mesh
points of  a net .  The d i f ference equat j -ons obta ined by
the three d i f ferent  methods g iven,  are found.  to be
nea r l y  t he  same fo r  magne t i c  f i e l ds  de f i ned  by  a
vector  potent ia l .  The same is  t ' rue for  e lect rostat ic
f l e l ds  de f i ned  by  a  sca la r  po ten t i a l ,  a t  l eas t  i n
o f f - ax ia l  mesh  po in t s .  I n  ne t  po in t s  s i t ua ted  on  the
axis of  rotat ional  symmetry of  such f ie lds,  the
Tay lo r ' s  se r i eg  expans ion  me thod  g i ves  t he  bes t
r e s u l t s  .
The conclus ions above are val id  on the assumpt ion
f h e t  i n  a  l a r c r o  n = r { -  n f  + l - ' a  r a n i - q n  O f  d e f i n i t i O n  O f
t he  p rob lem,  Éhe  e lemen ts  o f  t he  ne t  do  no t  d i f f e r
too much f rom square e lements or  rectangular  e lements
wi th weakly vary ing mesh widths.  This net  construct ion
tu rns  ou t  t o  be  the  bes t  su i t ab le  w i t h  respec t  t o  t he
accuracy of  the solut ion and the ease of  computer
programming.
F ina l l y ,  a  compar i son  i s  made  be tween  d i rec t
me thods ,  such  as  Gauss ian  e l - im ina t i on  and  i nd i recc
me thods  such  as  re laxa t i on  t echn iques ,  f o r  t he
so lu t i on  o f  t he  se t  o f  d i f f e rence  egua t i ons .
